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Outline

• Spitzer Space Telescope’s Infrared Array Camera

• CRBLASTER : A Fast Parallel-Processing Program for Cosmic-Ray Rejection

• NMP ST-8 Dependable Multiprocessor TRL-6 Validation Effort
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Spitzer Space Telescope’s
Infrared Array Camera
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This artist rendition shows an external view of the Spitzer Space Telescope
in its Earth-trailing solar orbit.  The 85-cm cryogenically cooled beryllium
Ritchey-Chretien telescope system operates at temperatures as low
as 5.5 K.
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Internal view and side-view schematic of the SST.
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IRAC: Infrared Array Camera
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3.6 µm          4.5 µm         5.8 µm         8.0 µm
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
April 2009

 nominal start of Spitzer’s Warm Mission
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   ✘   ✔MIPS Multiband Imaging Photometer

   ✘   ✔IRS Infrared Spectrograph

   ✘   ✔IRAC Infrared Array Camera

   Ch3 (5.8 µm) & Ch4 (8.0 µm)

   ✔   ✔IRAC Infrared Array Camera

   Ch1 (3.6 µm) & Ch2 (4.5 µm)

Warm
Mission

TodayInstrument

Instrument Status
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MATPHOT Photometry



2008 May 6 AISRP PI Meeting 2008,  University of Maryland, Inn & Conference Center Mighell  12

IRAC Ch1 PSF (5x5 theoretical)
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Relative Intrapixel QE Variation of IRAC Ch1     
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The relative peak-to-peak
spread in independent
photometric measurements
decreased by a factor of 1.9
(3.3% to 1.7%) over the best
results from aperture
photometry using MATPHOT
with residuals; the relative
robust standard deviation is
reduced by a factor of 1.7
(0.92% to 0.54%).
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uncorrected
corrected

One can obtain stellar
photometric precision with
aperture photometry which is
just slightly worse (1.9% vs.
1.7%) than the best results
using MATPHOT with
residuals – if raw fluxes are
corrected with MATPHOT
computed Sampled Point
Response Function volumes.
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centroid
MATPHOT

Problem: Large systematic errors with intensity-weighted mean positions!
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Solution: Systematic position errors are separable in X and Y!
               Determine median differences as a function of offsets in X and Y.
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corrected centroid
MATPHOT

Much better!
Now almost as good as the ideal MATPHOT results!
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IRAC Data Handbook
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old

Recommended aperture correction
from the IRAC Data Handbook
as a function of X and Y offsets.

1.02

1.00
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new

1.00

1.02

New aperture correction
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old
new
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The new two-dimensional correction (blue points)
with the standard radial correction (black line).
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In the central region,
the robust standard
deviation decreased by
a factor of 1.6 .
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Improving the photometric precision of IRAC Ch1
and Ch2 point-source observations would enhance
the science return of Spitzer’s Warm Mission…

exoplanets

star clusters

and much more…
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I am working closely with the IRAC Instrument Team on a Spitzer
Cycle 4 archival grant which investigates the development of new
calibration procedures for IRAC Ch1 and Ch2 that have the
potential of significantly improving the precision of IRAC point-
source photometry. This timely research effort is intended to not
only enhance the science return of existing IRAC Ch1 and Ch2
observations in the Spitzer Data Archive but also those that might
be made during the possible Spitzer Warm Mission.
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CRBLASTER
A Fast Parallel-Processing Program

 for Cosmic-Ray Rejection
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CRBLASTER Parallelization
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Source: Dr. John Samson (PI of NMP ST8 DM Project)
             Honeywell Inc, Aerospace Systems
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CRBLASTER Flow Diagram
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before after
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NASA’s New Millennium Program
Space Technology 8

Dependable Multiprocessor Project
Technology Readiness Level 6

Validation Effort

NASA NMP ST8 contract NMO-710209
Dr. John Samson, Honeywell Inc, Aerospace Systems
john.r.samson@honeywell.com
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Dependable Multiprocessor Project Goal:
    Develop for NASA the first supercomputer for space

Source: Dr. John SamsonPDR version

Status of DM project
6/27/2007: Passed Critical Design Review – qualified for flight status
8/2007: NMP ST8 flight experiment eliminated 
5/2008: Currently a candidate for next U.S. Air Force DSX launch
7/30/2008: DM TRL6 Technology Validation Demonstration
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Dependable Multiprocessor Technology Validation Plan

✘

N
M

P 
ST

-8
 fl

ig
ht

 e
xp

er
im

en
t e

lim
in

at
ed

 A
ug

us
t 2

00
7

So
ur

ce
: D

r. 
Jo

hn
 S

am
so

n



2008 May 6 AISRP PI Meeting 2008,  University of Maryland, Inn & Conference Center Mighell  41

CRBLASTER Application Overview
Application Developer: Dr. Ken Mighell (NOAO)
DM TRL6 Purpose: Demonstrate real science application developed

by an independent 3rd party with limited or no
fault tolerance experience or expertise
         -  hybrid ABFT/replication
         -  aggregate DM overhead no more than 50%
         -  demonstrate scalability
         -  demonstrate ease of porting from lab environment to DM

Real Science Application:  Cosmic Ray elimination is a key function of virtually every 
astrophysics stellar photometry application
        - based on Pieter van Dokkum’s classic approach
          “Cosmic-Ray Rejection by Laplacian Edge Detection”

Future Application Target:   James Webb Space Telescope (JWST) 
Input Data: Hubble Space Telescope (HST)

- 800 x 800 pixel image
- double precision floating point

Output Data:                          Golden standard based on laboratory processing at NOAO
Application Characteristics: Hybrid ABFT/Replication

     - ~2500 SLOCs
     - MPI
     - ABFT protection on 2D Convolution function
        and Median Filters
     - in-ljne replication on non-ABFT-protectable functions
     - eminently scalable 

--  image subdivided into sub-images overlapped
   at edges to optimize parallelizability

     - check-points
-- results after each iteration
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CRBLASTER Flow Diagram
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CRBLASTER DM Implementation
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DM is easy to use: CRBLASTERDM
“flies” on DM testbed – in just 3 hours!
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